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(54) Thermal Infrared detecting device capable of detecting Infrared rays without influence of 
operating temperature 



(57) In a thermal infrared delecting device for de- 
tecting infrared rays having a specific wavelength, a first 
pixel (501) has an infrared absorber (544) and a first re- 
flecting film (533) which have a first surface and a sec- 
ond surlace. respectively. The first surface and the sec- 
ond surface are remote from each other by a first dis- 
tance equal to {X '(2m-1)/4'n1}, where k is representa- 
tive of the specific wavelength; m. a natural number; and 
n 1 , a practical refractive index between the infrared ab- 
sorber and the first reflecting film. The infrared absorber 



is included in a first upper portion (503) together with a 
first thermo-resistive converter (542). The first reflecting 
film is formed on a first lower portion which is distant 
from the first upper portion. A second pixel (502) has a 
second upper portion (504) which is located in parallel 
with the first upper portion and which has a second ther- 
mo-resistive converter (542). The second pixel has a 
second lower portion which is extended from the first 
lower portkjn and which is distant from the second upper 
portion. 
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Description 

Background ot the Invenlion- 

This invention relalas to a thernst irfrarad detecting 5 
device which detects infrared rays. 

Generally, a boiometer typo, a pyroeleciric type, 
and a thermocouple (or thermopile) type are known as 
a thermal inlrared detecting element. The thermal infra- 
red detecting element is used as a thermal infrared de- 
tecting device singly or together with other thernral in- 
lrared detecting elements. For example, a plurality of the 
thermal infrared dstecling elements is used as an array 
sensor. The array sensor is combined with an optical 
unit, an amplifying unit, a signal processing unit, a dis- '5 
playing unit etc. to form an inlrared imaging device. 

The bolometer type thermal infrared detecting ele- 
ment has an infrared absorter, a Ihermo-resistive con- 
verter, and a readout circuit. In the inlrared imaging da- 
vice, (he inlrared absorber is irradiated by infrared rays 20 
which are radiated by object and are focused by the op- 
tical unit. The inlrared absorber absorbs the infrared 
rays and increases its temperature. This brings temper- 
ature change of the thermo-resistive converter. The 
thermo-resistive converter changes its resistance with zs 
the temperature change. If the thermo-resistive convert- 
er is supplied with a predetermined current, voltage is 
occurred across it. The voltage changes together with 
the change of the resistance. Namely the voltage 
changes with the temperature change which depends 30 
on strength of the infrared rays. The readout circuit pro- 
duces an output signal by the use of the voltage oc- 
curred across the thermo-resistive converter. 

Therefore, the thermal inlrared detecting element 
can detects the infrared rays and produces the output 35 
signal which is representative of the strength ol the in- 
frared rays. 

However, the thermal infrared detecting element is 
easily influenced by its operating temperature which is 
inDuenced by surrounding temperature. In other words. *o 
the output signal includes drift which depends on the op- 
erating temperature. 

In order to remove the drift from the output signal, 
a light chopper is generally combined with the thermal 
infrared detecting element. 45 

The light chopper chops the infrared rays and inter- 
mittently supplies them to the thermal infrared detecting 
element. As a result, the thermal infrared detecting ele- 
ment produces an alternating signal having an ampli- 
tude which is representative of the strength of the infra- so 
red rays. Namely the drift is easily removed from the 
output signal by removing direct-current component 
from the output signal. 

However, the light chopper is not reliable and ex- 
pends big electrical power, because the light chopper 55 
needs a motor 

Then, some proposals are made to solve the above 
mentioned problems. These proposals provides thermal 



inlrared detecting devices each ol which has a pair ol 
the thermal infrared detecting elements (or pixels). One 
is sensitive to the infrared rays and the other is insensi- 
tive to the infrared rays. Each of the thermal infrared de- 
tecting devices ideally produces an output signal without 
the drift by the use of difference between electric char- 
acteristics of the sensitive ana the insensitive elements. 

However, these thermal infrared detecting devices 
have faults as follows. 

For example, it is difficult to manufacture. The ther- 
mal infrared detecting device is not sensitive enough to 
the infrared rays. It is difficult to completely rennove the 
drift from the output signal. 

Summary of the Invention 

According to an aspect of this invention, the thermal 
infrared detecting device comprises a first pixel having 
a first upper portion and a first lower portion which is 
spaced Irom the saKj first upper portion. The first upper 
portion has a first thermo-resistive converter and an in- 
frared absorber which has a first surface vtfhile the first 
lower portion has a first reflecting film having a second 
surface which laces the first upper portion. The first sur- 
face and the second surface are remote from each other 
by a first distance which is substantially equal to (X*(2m- 
l)M*nl) through a spacing left between the first upper 
portion and the first lower portion, where X is represent- 
ative of the specific wavelength; m, a natural number; 
and nl, a practical relractive index between the first sur- 
face and the second surface. A second pixel has a sec- 
ond upper portion which is located in parallel with the 
first upper portion and which has a second thermo-re- 
sistive converter. The second pixel has a second lower 
portion which is extended from the first lower portion and 
which is distant from said second upper portion. 

Brief Description of the Drawing: 

Fig. 1 A shows a sectional view of a known thermal 
infrared detecting device; 
Fig. IB is a circuit diagram of an infrared detecting 
circuit using the thermal infrared detecting device 
of Fig. lA: 

Fig. 2A shows a sectional view of another known 
thermal infrared detecting device; 
Fig. 2B shows a top view of a thermal infrared de- 
tecting element included in the known thermal infra- 
red detecting device of Fig. 2A; 
Fig, 2C shows a Y-Y' line sectional view of the ther- 
mal inlrared detecting element ol Fig. 2B; 
Fig. 3 shows a sectional view of a still another 
known thermal infrared detecting device; 
Fig. 4 shows a sectional view of a yet another known 
thermal infrared detecting device; 
Fig. 5A shows a top view of a thermal infrared de- 
tecting device according to a first embodiment of 
this invention; 
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Fig. 5B shows a X-X' line sectional view of Ihe ther- 
mal inlrared detecting device ol Fig. 5A at an X-X" 
line; 

Fig. 6 shows a sectional view of a thermal inlrared 
detecting device according to a second embodi- 
ment of this invention; and 
Fig. 7 shows a sectional view ol a ihermal inlrared 
detecting device according to a third embodiment 
of this invention. 

Description of the Preferred Embodiments" 

Referring to Fig. 1A and 18, description will be at 
first directed to a known thermal infrared detecting de- 
vice for a better understanding of this invention. 

In Fig. 1 A, the known thermal inlrared detecting de* 
vice has three thermistor bolometer type elements 101 
(Ra), 103 (He), and 105 (Rx) which are put in a airtight 
package 107. The airtight package 107 has a window 
109 that infrared rays passes through and shields lit 
which shield the thermistor bolometer type elements 
103 and 105 from the infrared rays. The thermistor bo- 
lometer type element 101 is Irradiated by the infrared 
rays which pass through both an optical unit (not shown) 
and the window 109. 

The thermal infrared detecting device is used in an 
infrared detecting circuit which is shown in Fig. IB. In 
Fig. IB, the thermistor bolometer type elements I0i. 
1 03, and 1 05 are used as a detecting resistor Ra. a load 
resistor Rc, and a temperature compensating resistor 
Rx, respectively. The detecting resistor Ra and the load 
resistor Rc are connected to each other in series at a 
first junction point 121 . The temperature compensating 
resistor Rx is connected to a first external resistor Rb in 
series at a second junction point 123. The combination 
of the detecting resistor Ra and the load resistor Rc is 
connected to the combination of the temperature com- 
pensating resistor Rx and the first external resistor Rb 
in parallel and is supplied with bias voltage of 2*Ev (i.e. 
■hEv and -Ev). The combination of the detecting resistor 
Ra and the load resistor Rc divides the bias voltage of 
2*Ev and supplies a first divided voltage VI to the first 
junctbn point I2i . Similarly, the combination of the tem- 
perature compensating resistor Rx and the first external 
resistor Rb divides the voltage of 2'Ev and supplies a 
second divided voltage v2 to the second junction point 
123. 

A first operational amplifier 1 25 (0P1) has a nonin- 
verse [or inverse) input terminal which is connected to 
the first junction point 121 to amplify, the first divided volt- 
age Vi into a first amplified voltage 73. A second oper- 
ational amplifier 1 27 (OP2) has an inverse (or nonin- 
verse) input terminal which is connected to the second 
junction point 1 23 to amplify the second divided voltage 
V2 into a second amplified voltage V4. 

An adder 1 29 is connected to the first and the sec- 
ond operational amplifier 1 25 and 1 27 and adds the first 
amplified voltage V3 to the second amplified voltage V4 



to produce an added voltage Vo without drift which de- 
pends on operating temperature. 

A second external resistor Rd is connected to the 
temperature compensating resistor 105 in parallel to fa- 
5 cilitaio adjustment of an offset between the first divided 
voltage Vi and the second divided voltage V2. 

As mentioned above, the knovvn thermal inlrared 
detecting device can be produce the added voltage Vo 
without the drilt. Such a known therrr.al infrared detect- 
fo ing device is disclosed in Japanese Patent Unexamined 
Publication No. 65028/1983. 

However, the known thermal infrared detecting de- 
vice has a disadvantage of difficulty in manufacturing. 
Namely, it is difficult to mount the shields 1 1 1 to the pack- 
's age 107 without a gap. The gap allows the infrared rays 
to irradiate the thermistor bolometer type elements 103 
and 105 and deteriorates detecting sensitivity of the in- 
lrared rays. In addition, the known thermal infrared de- 
tecting device has another disadvantage of difficulty in 
20 integrating. 

Referring to Fig. 2A, 2B, and 2C, descriptksn will be 
made about another known thermal infrared detecting 
device. 

In Fig. 2A. the known thermal inlrared detecting de- 

25 vice has a thermal infrared detecting array sensor 201 
and a shield 203 both of which are put in airtight package 
205. The thermal infrared detecting array sensor 201 
has a plurality of thermal infrared detecting elements. 
The shiekJ 203 covers part ol the thermal infrared de- 

30 tecting elements at a distance. Infrared rays passing 
through a window 207 does not irradiate the part of the 
thermal infrared detecting elements and irradiate the re- 
maining part ol the thermal infrared detecting elements. 
Turning to Fig. 2B and 2C, each of the thermal in- 

3S frared detecting elements 211 has a diaphragm 21 3 as 
a receiving section and a pair of beams 215 each of 
which is extended from the diaphragm 213 to keep the 
diaphragm 213 away from a substrate 217 including a 
read out circuit {not shown). The diaphragm 21 3 and the 

« substrate 217 define a spacing between them. This 
structure is called a thernnal isolation structure and in- 
creases the detecting sensitivity of the thermal infrared 
detecting element. 

II the thermal infrared detecting element is a bolom- 

45 eter type, the diaphragrri 213 has a thermo- resistive 
converting film and a pair of electrodes which are con- 
nected to the thermo-resistive converting film. Moreo- 
ver, each ol the beams 21 5 has a wiring line whch is 
connected to each of the electrodes. 

so If the thermal infrared detecting element is irradiat- 
ed by the infrared rays, it absorbs the infrared rays by 
the diaphragm 2i3 and increases its temperature. The 
Ihermo-resistive converting film changes its resistance 
with the temperature change. The readout circuit de- 

S5 lects the change of the resistance and provides a first 
detecting signal which is representative ol the resist- 
ance change. 

On the other hand, if the thermal infrared detecting 
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elsmant is covered with the shield 203 of Fig. 2A, the 
infrared rays do not irradiata it and ihe readout circuit 
produces a second detecting signal which depends on 
lis operating temperature. Because the second detect- 
ing signal is aquivalant to drift wnldr. is inciudod in the 
first detecting signal, a difference between the first de- 
tecting signal and the second detecting signal does not 
includes the drift. Mamely. dnft can be removed Irom the 
first detecting signal by the use o( the second detecting 
signal. 

It is easily understood Irom above description that 
the array sensor 201 produces an output signal without 
the drift by the use of the part of the thermal infrared 
delecting elements and the remaining part of the ther- 
mal infrared detecting elements. 

The thermal infrared detecting elements irradiated 
by the infrared rays and The other elements must have 
a common thermal conductance in order to completely 
remove the drift. Therefore, the shield 203 is not in con- 
tact with the array sensor 201 . 

As mentioned above, the thermal infrared detecting 
device can remove the drrft which depends on the op- 
eration temperature. However, the thermal infrared de- 
tecting device has a disadvantage ot deterioration ol de- 
tecting sensitivity to Ihe infrared rays. This is because a 
part ol the infrared rays enter the space between the 
array sensor and the shield as shown in Fig, 2A. 

Referring to Fig. 3. description will be made about 
still another known thermal infrared detecting device. 

The thermal inlrared detecting device is a thermo- 
couple type and has a thermal infrared detecting ele- 
ment 301 and a reference level detecting element 303. 
The thermal infrared detecting element 301 and the rel- 
erence level detecting element 303 has a common sili- 
con substrate 311 with a integrated circuit (or readout 
circuit, not shown) and a common BPSG film 313 
lormed on the silicon substrate 31 1 . 

The thermal infrared detecting element 301 has a 
silicon nitride film 3i5a which defines a space 31 7a. A 
silicon dioxide film 31 9a is formed on a top surface of 
the silicon nitride film 31 Sa to form a first diaphragm. A 
thermopile 32 la is formed on the silicon dioxide Him 
31 9a and is covered with a first layer insulating film 
323a. A second layer insulating film 325a is formed on 
the first layer insulating film 323a to cover wiring lines 
(not shown) which are connected between the integrat- 
ed circuit and the thermopile 321a. A protection film 
327a is formed on the second layer insulating film 325a. 
An infrared absorbing film 329 is formed on the protec- 
tion film 327a. 

The reference level detecting element 303 has a sil- 
icon nitride film 3i 5b which defines a space 31 7b. A sil- 
icon dioxide film 31 9b is formed on a top surface of the 
silicon nitride film 31 5b to form a second diaphragm. A 
thernrropile 321 b is lormed on the silicon nitride film 3i 9b 
and is covered with a first layer insulating film 323b. A 
second layer insulating film 325b is formed on the first 
layer insulating film 323b to cover wiring lines (not 



shown) which are connected between the integrated cir- 
cuit and the thermopile 321 b. A shielding film 331 is 
formed on the second layer insulating film 325b. A pro- 
tection film 327b is formed on the shielding film 331 . 

s Th.e reference level detecting element 203 ^.as a 
thermal conductance which is equal to a thermal con- 
ductance of the thermal mlrared defecting elen^ent 30 I . 
Moreover, the thermal inlrared detecting element 301 
has the infrared absorbing film 329 while the reference 

'0 level detecting element 303 has the shielding film 331 . 
Accordingly, the reference level detecting element 303 
produces a reference level signal which is equal to a 
drift included in a detected signal produced by the ther- 
mal infrared detecting element 301 . Therefore, the ther- 

'S mal inlrared detecting device calculates a difference be- 
tween the detected signal and the reference level signal 
and produces an output signal without the drill. 

However, the thermal infrared delecting device has 
a problem that the films formed on each of the first and 

20 the second diaphragms is thick and heavy. This brings 
increase of thermal capacity and deierioration of ther- 
mal response and makes the diaphragms transform. In 
addition, the thermal infrared detecting device has an- 
other problem thai the shielding film 331 is injurious to 

2S an electrical characteristic of ihe reference level detect- 
ing element. 

Then, in order to solve the problems, a thermal in- 
frared detecting device illustrated in Fig. 4 is proposed 
in Japanese Patent Unexamined Publication No. 

30 273308/1 995. In addition, similar devices are disclosed 
in papers of SPIE vol. 2552. 1 995, P.636-643 and SPIE 
vol. 2269, Infrared Technology XX, 1994. P450-459. 

In Fig. 4, the thermal infrared detecting device has 
a thermal infrared detecting element 401 and a refer- 

3S ence level detecting element 403. The thermal infrared 

I detecting element 401 and the reference level detecting 
element 403 has a common silicon substrate 4li with a 
^ integrated circuit (not shown) and a common BPSG film 
41 3 formed on the silicon substrate 41 1 . 

<o The ihemnal infrared detecting element 40 1 has a 
silicon nitride film.4l5a which defines a space 41 7a. A 
silicon dioxide film 419a is formed on a top surface of 
the silicon nitride film 4i 5a. loform a diaphragm. A ther- 
mopile 421 a is formed on the silicon dioxide film 419a 

« and IS covered with a layer insulating film 423a. A pro- 
tection film 425a is fomied on the layer insulating film 
423a. An infrared absorbing film 427 is formed on the 
protection film 425a. 

The reference level detecting element 403 has a sti- 

so icon nitride film 41 Sb. A poly silicon layer 429 is filled in 
a space defined by the silicon nitride film 4 1 5b. A silicon 
dioxide film 41 9b is formed on a top surface ol the silicon 
nitride film 415b. A thermopile 42 lb is formed on the 
silicon dioxide film 41 9b and is covered with a layer in- 

55 sulating film 423b. A protection film 425b is fomied on 
the layer insulating film 423b. 

Because the thern^l inlrared detecting element 
401 has a thermal isolation structure, its detecting sen- 
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silivity to inlrared rays is high. On the other hand, iha 
reference level detecting element 403 has little sensitiv- 
ity to the inlrared rays because it has the polysilicon lay- 
er 429 and thermal diffusion is easy to occur in the rel- 
srenca level detecting element 4C3 

The thermal infrared detecting device can remove 
a drift caused by operation temperature by the use of a 
difference between thermal characteristics of the ther- 
mal infrared detecting element 401 and the .eterence 
level detecting element 403. 

In this structure, the problems as mentioned above 
are not caused because the thermal infrared detecting 
device has neither an additional layer isolation film nor 
a shielding film. 

However, the thermal infrared detecting device can 
not completely remove the drift. This is because the 
thermal infrared detecting element 401 and the refer- 
ence level detecting element 403 have different thermal 
time constants. Panicularly, when the thermal infrared 
detecting device 40 1 is driven by voltage pulses to pro- 
duce an output signal, it can not be disregarded that 
temperature of each element is increased by Joule's law 
in an instant. 

In addition, though an alloy of nickel (Ni) and chro- 
mium (Cr] is given an example of the infrared absorbing 
film 427 in the Japanese Patent Unexamined Publica- 
tion No. 273306/1 995, it is difficult to control its thick- 
ness. The infrared absorbing film 427 must have a re- 
sistivity ol about 377 ohms/square to efficiently absorb 
the infrared rays. The resistivity ts realized by the alloy 
of the nicltel (Ni) and the chromium (Cr) having a thick- 
ness of about 30 angstroms. The thickness is very thin 
and it is difficult to form with accuracy 

Moreover, it is difficult to reproduce the infrared ab- 
sorbing film 427 by the alloy of the nickel (Ni) and chro- 
mium(Cr) because the resistivity of the alloy of the nickel 
(Ni) and chromium(Cr) is easily changed by a condition 
of surfaces of just under film and itself. 

On the other hand, a gold black layer is given an 
example of the absorbing film in the paper o* SPIE vol. 
2269, Infrared Technology XX. 1994. P450-459. How- 
ever, the gold black is granular and weak in adhesive- 
ness and in tolerance for chemicals. Namely, the gold 
black layer can not be selectively etched to form a pat- 
tern. 

Referring to Figs. 5 (A) and 5 (B). description will 
be made about an infrared detecting device according 
to a first embodiment of this invention. 

In Fig. 5 A. an infrared detecting device has first and 
second pixels (or elements) 501 and 502 which have 
first and second diaphragms 503 and 504, respectively. 
The first diaphragm 503 is supported by first and second 
beams 505 and 506 which are extended from first and 
second mesas 507 and 508. respectively. Similarly, the 
second diaphragm 504 is supported by third and fourth 
beams 509 and 5 10 which are extended from the first 
and the second mesas 507 and 508, respectively 

The first diaphragm 503 has first and second elac- 
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trodes 511 and Si 2 while the second diaphragm 504 has 
third and fourth electrodes 51 3 and 514. The beams 
505. 506, 509, and 510 have first, second, third, and 
fourth wiring lines 515. 516. 517. and 518. respectively 

5 The first wiring line 515 connects the first electrode 511 
to a contact Si 9 formed in the first mesa 507 while the 
second wiring iine 516 connects the second electrode 
512 to a contact 520 formed in the second mesa 508. 
Similarly, the third winng line 517 connects the third 

10 electrode 5i 3 to a contact 521 formed in the Hrst mesa 
507 while the fourth wiring line 5 18 connects the fonh 
electrode 51 4 to a contact 522 formed in the second me- 
sa 506. 

Turning to Fig. 58. the first and the second dia- 
'5 phragms 503 and 504 are kept away from a lower por- 
tion 530 by the beams 505. 506, 509, and 5i0 and the 
mesas 507 and 508 (see Fig. 5A). This structure is 
called as a thermal isolation structure and is formed as 
follows. 

20 A silicon wafer 531 is prepared to form a readout 
circuit (not shown). The readout circuit includes MOS- 
FETs which are connected to the contacts 519 and 521 
(or 520 and 522) to selectively drive one of the pixels 
501 and 502. 

2S A first BPSG (Boron Phosphorus silica glass) film 
532 about 1 \im thick is formed on the silicon wafer 531 
with the readout circuit by chemical vapor deposition. 

A reflecting film 533 about 2000 angstroms thick is 
formed on the first BPSG film 532 by sputtering first met- 

30 al material which has a high reflectance to infrared rays. 
For example, the first metal material is tungsten silicide 
(WSi), tungsten (W), titanium (Ti). aluminum (Al), aurum 
(Au), or platinum (Pt). Moreover, the sputtering may be 
carried out under nitrogen atmosphere to form a titanium 

3S nitride (TIN) film as the reflecting film 533. The reflecting 
film 533 is selectively etched by plasma etching to re- 
move it for the second pixel 502 and to leave it for the 
first pixel 501. 

A protection film 534 is formed on both the reflecting 

to film 533 and exposed surface of the first BPSG Tilm 532 
by depressurized chemical vapor deposition. For exam- 
ple, the protection film 534 is a silreon dioxide (Si02) 
film or a silicon nitride (SiN) film. 

A polysilicon film (not shown) is formed on the pro- 

*s tection film 534. The polysilicon lilm is called a sacrifice 
layer because it is completely removed and becomes 
opening as mentioned later. The polysilicon film is se- 
lectively etched by lithography technique to leave it on 
predetermined area of the protection film 534. Another 

so film, such as a silicon dioxide film, a photosensitive poly- 
imidefilm, photoresist, etc.. may be used as the sacrifice 
layer. 

A second BPSG film (not shown) is formed on both 
the polysilicon film and an exposed surface of the pro- 
ss tection film 534 so that its surface becomes flat. The sec- 
ond BPSG film IS selectively etched by lithography to 
expose the polysilicon film. Accordingly, the second 
BPSG film leaves on the exposed surface of the protec- 
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tion film 534 and is partly used as Ihs mesas 507 and 
508. 

A supporting film 541 is (ormed on ihe polysilicon 
film and the second BPSG film by plasma chemical va- 
por dGposition. For exampb. a silicon nitrid3 (StN) film 
and/or a silicon dioxide (Si02) film is used as Ihe sup- 
porting film 541, 

A metal film is lonmed on the supporting film 541 by 
sputtering second metal maienal having a small Ihermo- 
conductiviiy and is patterned by lithography to form wir- 
ing panem which includes the electrodes 511, 512, 5i3. 
and 514 and wiring lines 515. 516, 517, and 518. It is 
desirable that the second metal material has a low ther- 
mo-conduciivity and a low resistance. For example, the 
second metal material is titanium (Ti) or an alloy ol nickel 
(Ni), chromium (Cr), and iron (Fe). 

A ihermo-resistive converting film (or bolometer 
film) 542 is lormed on ihe supporting film 541 by reactive 
sputtering third metal material under oxygen mixed at- 
mosphere so as to cover the wiring partem. The ihermo- 
resistive converting film 542 is a metal oxide film. When 
the third metal material is nickel (Ni). cobalt (Co), nran- 
ganese (Mn), or other metal material, the thermo-resis- 
tive converting film 542 has a negative temperature co- 
efficient (NTC). On the other hand, when the third metal 
matenal is compound of barium titanate (BaTiOS) and 
strontium (Sr) or other metal material, the thermo-resis- 
tive converting film 542 has a positive temperature co- 
efficient (PTC). The thermo-resistive converting film 542 
is patterned by the lithography technique to leave it m 
both the first diaphragm 503 and in the second dia- 
phragm 504. 

An insulation protecting film 543 is formed on the 
thermo-resistive converting film 542 by plasma chemi- 
cal vapor deposition. For example, the insulation pro- 
tecting film 543 is a silicon nitride film or a silicon dioxide 
film. 

An infrared absorbing film 544 is' formed on the in- 
sulation protecting film 543 by reactive sputtering lourth 
metal material. The infrared absorbing film 544 is selec- 
tively etched to leave it on the first diaphragm 503. 

The infrared absortsing film 544 must have a sheet 
resistance k of about 377 ohms/square to match with 
vacuum. Moreover, it is difficult to equalize thickness of 
the infrared absortDing film 544, when the thickness is 
thinner than 1 50 angstroms. In addition, it is undesirable 
that the infrared absorbing film 544 refracts the infrared 
rays and is not pen/ious to the infrared rays when the 
thickness is thicker than 2000 angstroms. Accordingly, 
it is desirable that the infrared absorbing film 544 has a 
resistivity p of 0.5 - lOmCl cm with a thickness t of 1 50 
- 200O angstroms (p = k*t). Such condition as mentioned 
above is satisfied by a titanium nitride (TIN) film, a diva- 
nadium trioxide (VjOg) film. etc. Each of the titanium ni- 
tride film and the divanadium trioxide film has strong ad- 
hesiveness to a flat surface, high resistivity, high con- 
trollability ol forming. Particularly, the titanium nitride film 
has big tolerance for chemicals. 



Openings 545 are (ormed through the insulation 
protecting film 543 and the supporting film 541 by plas- 
nna etching or ton milling to expose the polysilicon film. 
The polysilicon film is completely etched by etchant, 

5 such as hydrazine. As a rosul;, the first diaphragm 503 
and the second diaphragm 504 are distant from the low- 
er portion 530 and form tne tharmo-isolation structure. 

A thermal infrared detecting device detects infrared 
rays which have a specific wavelength. In the structure 

10 of Fig. 5B, the infrared absorbing film 544 reflects a part 
of the infrared rays which irradiate the infrared absorb- 
ing film 544. The remaining infrared rays pass through 
(he infrared absorbing film 544. Almost all of the remain- 
ing infrared rays pass through the insulation protecting 

ts film 543, the ihermo-resistive converting film 542, the 
supporting film 541 , and the protection film 534 and ar- 
rives at a surface ol the reflecting film 533. The reflecting 
film 533 reflects the infrared rays which arrives at the 
surface ol it. Almost all of the infrared rays reflected by 

20 the reflecting film 533 pass through the protection film 
534, the supporting film 541, the thermo-resistive con- 
verting film 542, and the insulation protecting film 543 
and returns to the infrared absorbing film 544. 

Here, if the infrared rays reflected by the infrared 

25 absorbing lilm 544 interfere with the infrared rays reflect- 
ed by the reflecting film 533 so as to weaken each other, 
the infrared rays reflected by the infrared absortiing film 
544 can be disappeared. Consequently, almost all of the 
infrared rays is absorbed by the infrared absorbing film 

30 544. Then the absorbing film 544 is located as men- 
tioned bellow. 

Namely, the surface of the absorbing film 544 and 
The surface of the reflecting film 533 are remoted from 
each other by a first optical path distance which is equal 

55 to (X ' (2m-1 )/4*n 1 }, where X is representative of a wave- 
length of the infrared rays, m, a natural number; and ni, 
a practical refractive index between the surface of the 
absorbing film 544 and the surface of the reflecting film 
533. For example, the first optk:al path distance is 2.5 

40 ^inn when the wavelength of the infrared rays is 10 ^im. 
Therefore, the infrared absorbing film 544 can ef- 
fectively converts the infrared rays into the change of 
the temperature itself because the infrared rays reflect- 
ed by the infrared absorbing film 544 is disappeared. 

45 Namely, the first diaphragm 503 is sensitive to the infra- 
red rays. 

Temperature of the thermo-resistive converting film 
542 is raised by the temperature change of the infrared 
absorbing film 544. Then, the resistance of the ihermo- 

so resistive converting film 542 changes in response to the 
change of the temperature. 

On the other hand, the second diaphragm 504 pass- 
es almost all of the infrared rays which irradiate it. Ac- 
cordingly, a resistance of the thermo-resistive convert- 

ss ing film 542 in the second diaphragm 504 is hardly in- 
fluenced by the infrared rays. Namely, the second dia- 
phragm 504 is insensitive to the infrared rays. The re- 
sistance depends on operating temperature of the infra- 
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red detecting device. 

II each of the thermo-rosisitve convening film 542 
of the first diaphragm 503 and the thermo-resisiive con- 
vening film 542 of the second diaphragm 504 are sup- 
plied with 3 constant current, voUcgos are occurred 
across them. A difference of the voltages does not in- 
clude a drill occurrea by the operating teniperaiure. 

Moreover, because the first diaphragm 503 and the 
second diaphragm 504 have the same structure without 
the infrared absorbing film 544, they essentially have the 
same thermal time constant. Accordingly, influence 
caused by bias pulses is removed by the above men- 
tioned structure. 

The infrared dateciing device is used such that it is 
put in airtight package. The infrared detecting device 
may be put in ihe ainight package with inert gas, such 
as xenon 

Referring to Fig. 6, description will be made about 
an infrared delecting device according to a second em- 
bodiment of this invention. 

In Fig. 6. a reflecting film 601 is formed on the insu- 
laiiori protecting film 543 at a top of the second dia- 
phragm 504. The reflecting lilm 601 is much thicker than 
the infrared absorbing film 544. A sheet resistance of 
the reflecting film 601 is smaller than a sheet resistance 
of the infrared absorbing film 544. For example, the re- 
flecting film 601 IS a titanium film 2000 angstroms thick 
when the infrared absorbing film 544 is a titanium nitride 
150 angstroms thick. The reflecting film 601 completely 
reflects the infrared rays irradiating it. 

In this structure, the reflecting film 533 may be ex- 
tended under the second diaphragm 504. 

The reflecting film 601 does not almost change the 
thermo lime constant of the second diaphragm 504, be- 
cause it is much smaller than the infrared absorbing film 
544 in weight. Namely, the infrared delecting device can 
detect the infrared rays without influence of the change 
of the operating temperature. , 

Referring to Fig. 7, description will be made about 
an infrared detecting device according to a third embod- 
iment of this invention. 

In Fig. 7, the BPSG film 532 has a step between the 
first pixel 501 and the second pixel 502. in the tirsl pixel 
501, the thickness of the BPSG film 532 is decided by 
the first optical path distance. On the other hand, the 
thickness of the BPSG film 532 in the second pixel 502 
is decided by a second distance as mentioned bellow. 

II the infrared rays raflecled by a surface of the in- 
sulation protecting film 543 at the second diaphragm 
504 has a phase which is equal to a phase o( the infrared 
rays reflected by a surface of the protection film 534, the 
infrared rays reflected by the surface of the insulation 
protecting film 543 are the strongest. Then the second 
distance is equal lo {X *m/2*n2}. where X is representa- 
tive of the wavelength of the infrared rays, m; natural 
number, and n2: a practical retractive index between the 
surface of the insulation protecting film 543 and the sur- 
face of the protection film 534. 



In this structure, ihe second diaphragm 504 is al- 
most insensitive to the infrared rays even though the 
second pixel 502 has at least one of the reflecting film 
533 and the infrared absorbing film 544 like the first pixel 

5 501 . Accordingly, the infrared dotacting device may has 
the reflecting film 533 and the infrared absorbing film 
544 in the second pixei 504. Moreover, the infrared de- 
tecting device may has the reflecting film 60i as shown 
in Fig. 6. The reflecting film 533 may be extended to the 

'0 second pixel 502. 

While this invention has thus far been descnbed m 
conjunction with embodiments thereof, it will be readily 
possible for those skilled in the an to put this invention 
into practice in various other manners. 

'5 For example, the thermal infrared delecting devkre 
may have more than three pixels. In this case, one is 
Ihe second pixel and the others are the first pixels in 
each row (or column). 



Claims 

1. A thermal infrared delecting device having a first 
pixel (501) lo detect infrared rays having a specific 
2S wavelength and to produce a detecting signal and 
having a second pixel (502) lo remove the influence 
of operating temperature of said first pixel from said 
detecting signal, characterized by: 

•30 said first pixel having a first upper portion (503) 

and a first lower portion which is spaced from 
said first upper portion, said first upper portion 
having a first Ihermo-resistive converter (542) 
and an infrared absorber (544) which has a first 

3S surface while said first lower portion having a 

first reflecling film (533) which has a second 
surface facing said first upper portion, said first 
surface and said second surface being remote 
from each other by a Tirst distance substantially 

« equal to \\ •(2m-l )/4'n1 ) through a first spacing 

left between the first upper portion and the first 
lower portion, where \ is reprosentativa of said 
specific wavelength; m. a natural number, and 
nl. a practical refractive index between said in- 

4S frared absorber and said first reflecting film; 

and 

a second pixel (502) having a second upper 
portion (504) which is kxaled in parallel with 
said Tirst upper portion and which has a second 
so thermo-resistive converter (542) and having a 

second lower portion which is extended from 
said rirst lower portion and which is distant from 
said second upper portion. 

ss 2. A thermal infrared deteciing device as claimed in 
Claim t . characterized in that said thermal infrared 
detecting device further comprises a supporting 
member (505. 506. 509, 510) for supporting said 
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first upper portion and said second upper portion 
above said Mrst lower portion and said second lower 
portion, respectively. 

3. A ihernnal infrared detecting device as claimed in s 
Claim 1 , characterized in that said thermal infrared 
deiecitng device lurlher comprises a readout circuit 
which is formed in both said first lower portion and 
said second lowor portion and is electrically con- 
nected to said firsi Ihermo-resistive converter and 'O 
said second thermo-resistive converter. 

4. A thermal infrared detecting device as claimed in 
Claim 1 , characterized in that said thermal infrared 
detecting device further comprises a second reflect- '5 
ingfilm (601 ) formed on a top surface of said second 
upper portion. 

5. A thermal infrared detecting device as claimed in 
Claim 1 , said second upper portion having a third 20 
surface, said second lower portion having a fourth 
surface, characterized in that said third surface and 
said fourth surface are remote from each other by 

a second distance substantially equal to (X 'my 
2*n2) through a second spacing left between the 2S 
second upper portion and the second lower portion, 
where \ is representative of said specific wave- 
length; m, a natural number; and n2. a practical re- 
fractive index between a top of said second upper 
portion and a top of said second lower portion. 30 

6. A thermal infrared detecting device as claimed in 
Claim 1 , characterized in that each o( said first ther- 
mo-resistive converter and said second thermo-re- 
sistive converter is a bolometric film. 3S 

7. A thermal infrared detecting device as claimed in 
Claim 1 , characterized in that said infrared absorber 
has thickness of 150 - 2000 angstroms and resis- 
tivity of 0.3 - 10 mQcm. « 

8. A thermal infrared detecting device as claimed in 
Claim 7, characterized in that said infrared absorber 
is a titanium nitride (TiN) film. 

-»s 

9. A thermal infrared detecting device as claimed in 
Claim 7. characterized in that said infrared absorber 
is a divanadium trioxide (V2O3) film. 

10. A method of manufacturing a thermal infrared de- so 
tecting device, said method comprising the steps of: 

preparing a substrate (531); 
forming a insulating film (532) on said sub- 
strate; ss 
forming a reflecting film (533) on said first insu- 
lating film; 

selectively rennoving said reflecting film to 



leave said reflecting film on a first pixel area 

(501 ) and to expose said first insulating film at 

a second pixel area (502); 

forming a protecting film (534) on said reflecting 

film and exposed first insulating film; 

forming a sacrifice layer on said protecting film; 

forming a supporting film ^^4 1 ) on said sacrifice 

layer; 

forming wiring patterns (511 - 518) on said sup- 
porting film above said first pixel area and said 
second pixel ares; 

forming thermo-resistive converter (542) on 
each ol the wiring patterns; 
forming an insulating protection film (543) on 
said thermo-resistive converter; 
forming an infrared absorber (544) on said in- 
sulating protection film above said first pixel ar- 
ea; and 

etching said sacrifice layer to form a spacing 
between said protecting film and said support- 
ing film. 



8 



EP 0 845 664 A1 
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